Strains of baker's yeast conventionally used by the baking industry in Japan were tested for the ability to sporulate and produce viable haploid spores. Three isolates which possessed the properties of baker's yeasts were obtained from single spores. Each strain was a haploid, and one of these strains, YOY34, was characterized. YOY34 fermented maltose and sucrose, but did not utilize galactose, unlike its We have shown previously that baker's yeasts were clearly differentiated from laboratory and other industrial strains by principal component analysis (11). The strains used in the baking industry were indeed more suitable for dough leavening.
Saccharomyces cerevisiae strains used in fundamental biological studies are laboratory yeasts and are dissimilar to industrial strains. These laboratory strains are useful for classical and molecular genetic analyses (2) , but cannot usually be applied to industries such as baking, brewing, distilling, and wine making. On the other hand, basic techniques in yeast genetics are often unavailable for industrial strains since most of these yeasts are homothallic and aneuploid or polyploid and have poor sporulation and low spore viability (7, 16) .
We have shown previously that baker's yeasts were clearly differentiated from laboratory and other industrial strains by principal component analysis (11) . The strains used in the baking industry were indeed more suitable for dough leavening.
To investigate the genes governing the characteristics of baker's yeasts, it was necessary to obtain haploid strains which were applicable to both baking and genetic studies. In the present paper we report the isolation and some properties of three strains derived from single spores of baker's yeasts and the genotype of one of these strains.
MATERIALS AND METHODS
Organisms. Yeast strains used in the present experiment are listed in Table 1 . The genetic notation for the MAL strains and the meaning of MALp, MALg, and maP have been reported (9) . Five unlinked related genes, MAL], MAL2, MAL3, MAL4, and MAL6, have been identified in different isolates of S. cerevisiae (9, 10 Fermograph studies of sponge dough. The ingredients of sponge dough, containing 100 g of flour, 0.5 g of salt, 0.66 g of yeast cells as a dry matter, and 65 ml of distilled water, were mixed for 2 min with a National Mixer (National Mfg. Co., Lincoln, Nebr.). A piece of dough based on 20 g of flour was cut and placed in a bottle of a Fermograph (Atto Co. Ltd., Tokyo, Japan), and the rate of CO2 gas production was recorded automatically at 30°C (4).
Baking test. Both sweet dough and white dough were made to test the baking quality of yeast by sponge and dough methods according to the standard method (1). Table 2 shows the composition of two doughs. Compressed yeast was prepared from cells cultured in a 5-liter jar fermentor (5), and its moisture was adjusted to 67% (wt/wt). Sponges were mixed for the desired period and fermented at 28°C and 90 to 95% relative humidity. After 2.5 h for sweet dough and 4 h for white dough, each sponge was mixed with the rest of the ingredients to optimum development. Mixing was carried out with a Kanto Mixer (Kanto Mixer Co. Ltd., Tokyo, Japan). The mixed doughs were given a 20-min floor time at 28°C and 90 to 95% relative humidity. At the end of the fermentation, sweet dough was divided into 50-g and 100-g pieces and proofed at 38°C and 85% relative humidity. The larger pieces were put into a cylinder and used for the measurement of proof time (the period required for proofing to the defined dough volume). When the volume of 100-g doughs had increased threefold, the 50-g pieces of dough were baked at 220°C for 10 min. White dough was cut into pieces of 450 g, proofed to 7.5 cm high at 38°C and 85% relative humidity after molding and panning, and then baked at 220°C for 25 min. Weight and volume of baked goods were measured immediately after baking. Volume was determined by the displacement of rape seed.
Genetic analysis. Standard techniques of mating, sporula- tion, spore isolation, dissection, and tetrad analysis were used (17) . Diploid cells were transferred to an SPO plate and incubated at 25°C for 3 to 7 days. After sporulation, the ascus walls were treated with lytic enzyme and the spore suspension was lightly sonicated and spread or dissected by micromanipulation on YPD plates. Colonies derived from single spores after growth for 2 to 3 days were picked and used for subsequent experiments. Mating type was determined by separately mixing each isolate in YPD medium with the two tester strains X2180-1A and X2180-1B. Zygote formation in the conjugation mixture was observed under a microscope after incubation at 28°C for 5 to 6 h.
Fermentation of sugar was observed by the production of gas and acid from a medium containing 0.5% yeast extract, 1.0% peptone, 2.0% sugar, and 30 mg of bromthymol blue per liter, 1 to 3 days after inoculation (18) .
Enzyme assays. The activities of oa-glucosidase and invertase were assayed as described previously (11) .
RESULTS
Isolation of haploids from baker's yeasts. Yeasts used in baking possess higher dough-leavening ability than other industrial yeasts (11) . In the present experiment, we obtained isolates derived from single spores of baker's yeasts conventionally used in Japan. Five of 10 strains tested did not sporulate in any sporulation medium used in the taxonomic studies (18) . After 3 to 5 days on SPO plates, FSC6012 sporulated well, with a spore viability of 43% but no complete tetrads. FSC6007, FSC6008, FSC6009, and IF02044 produced low numbers of two-and three-spored asci, and the spore viabilities were less than 1%. Microdissection of spores from FSC6012 yielded 15 MATa and 12 MATot isolates, and random plating of spores from FSC6007 yielded 7 MATa and 11 MATo-isolates, indicating that these two strains were heterothallic. Leavening abilities of doughs containing 0, 5, and 30% sucrose were determined for all the isolates. Most of the isolates could not leaven the dough higher than their parents. Three isolates, YOY50 (MATa) and YOY51 (MATot) from FSC6012 and YOY34 (MAToa) from FSC6007, were selected as those with the highest leavening abilities. When these three isolates were cultured in the molasses medium (11), cell yields were about 80% of their parents.
Characterization of the selected haploid strains as baker's yeasts. According to the previous paper (11), 10 properties desirable in baker's yeasts were assayed in the three isolates, and the data obtained were applied to principal component analysis with those of 56 industrial and 2 laboratory strains (11) . The first and second principal components were extracted as described in previous experiments (11) . The three isolates were mapped in the cluster of baker's yeasts in a scattergram of the first and second principal components.
Since these isolates were all quite similar in their properties as baker's yeasts, only one strain, YOY34, was selected for further study. (14) . The curves for YOY34 and FSC6007 had two distinct peaks. The first peak represents the fermentation of sugars which preexisted in the flour, and the second, occurring after 60 to 90 min, corresponds to the fermentation of maltose liberated from the starch of the flour by amylases (14) . The rate of CO2 production by X2180-1A remained low, and there was no second peak because X2180-1A cannot ferment maltose.
YOY34, FSC6007, and X2180-1A were compared with respect to the quality of their backing products. Table 3 shows specific volumes and proof times of sweet goods and white breads. Although no difference was found in sweet goods produced by the three strains, an unpleasant odor was detected in the products of X2180-1A. In white bread the proof time of YOY34 was 6 min longer than that of FSC6007, but much shorter than that of X2180-1A. Specific volumes of YOY34 and FSC6007 were higher than that of X2180-1A.
These findings showed that YOY34 could be used to study the properties required for baker's yeasts.
Genetic analysis. Since industrial yeasts are often polyploid and some of these have extra copies of particular chromosomes (8, 12) , it was necessary to determine the ploidy of YOY34 before analyzing for specific nuclear genes. YOY34 was crossed to strains with the following chromosome-specific markers (number of chromosome): adel (I), his7 (II), MAT (III), trpl (IV), hisi (V), his2 (VI), leul (VII), arg4 (VIII), lysi (IX), ura2 (X), ural (XI), ura4 (XII), rnal-I (XIII), pet8 (XIV), ade2 (XV), aro7 (XVI). Complete tetrads from each hybrid gave essentially 2+:2-segregation, suggesting that YOY34 was a haploid. The other two isolates, YOY50 and YOY51, were also found to be haploids (data not shown).
By mutagenesis of YOY34 with UV irradiation, auxotrophic mutants were obtained for adenine, uracil, histidine, phenylalanine, tyrosine, tryptophan, methionine, arginine, lysine, and threonine. When these mutant strains were crossed to X2180-1A, about 70% of the dissected tetrads had YOY34 fermented maltose and sucrose but not galactose, while the parental FSC6007 fermented all three sugars. Genetic analyses of sugar fermentations were carried out as described below.
Maltose fermentation genes were analyzed in detail according to the procedure of Needleman and Michels (10) (Fig. 2) . YOY34 was crossed to strain 349-6A, a non- (Fig. 3) . The SUC genes in YOY10-13C, YOY156-1OB, and YOY156-1OC were allelic, and this gene was tentatively designated SUCco. Similarly, the SUC gene in YOY10-13A and those in YOY156-1OA and YOY156-1OD were designated SUCP and SUC-y, respectively. The strains carrying one of three genes derived from YOY34 were crossed to wild-type SUC tester strains, and the resulting tetrads were dissected. The hybrid in the combination of SUCot-SUC2, SUCQ-SUC4, and SUCy-SUCI produced only the parental ditype tetrad, but neither the nonparental ditype tetrad nor the tetratype tetrad, indicating that SUCot, SUCP, and SUCy were allelic to SUC2, SUC4, and SUCJ, respectively ( Table 6 ). All of SUC strains actively fermented sucrose in 2 days except for the SUC-y segregants derived from YOY34, which only produced detectable amounts of gas after 7 days. The strains carrying SUCot and SUC3 derived from YOY34 and those carrying one of the five wild-type SUC genes had extracellular invertase, whereas a segregant containing a SUC-y gene derived from YOY34 showed no detectable activity ( Table  7 ). Cryptic MALlg and MAL3g are also found in the wild-type progress. The role of the MAL' gene in flour dough fermentation will be reported elsewhere.
